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Abstract
Perfusion of dark adapted frog eyecups with the ON pathway blocker 2-amino-4-phosphonobutyrate (APB) not only abolished the
ganglion cells (GCs) ON responses and the ERG b-wave, but it markedly potentiated the OFF responses of all ON–OFF and phasic
OFF GCs and the d-wave amplitude of a simultaneously recorded ERG as well. The blockade of GABAA and GABAC receptors by
picrotoxin eliminated this potentiating eﬀect in 24 out of 41 GCs, although in the rest of the cells it did not produce any change in the
APB eﬀect. On the other hand, the d-wave potentiation was preserved during the GABAergic blockade in all experiments. Our results
indicate that GABAergic transmission is involved in the inhibition exerted by the ON upon the OFF channel in part of the ON–OFF
and phasic OFF GCs in the frog retina. The tonic OFF GCs probably do not receive an inhibitory input from the ON channel,
because their light responses were not altered either by APB alone or by APB during blockade of GABAA and GABAC receptors.
 2003 Elsevier Science Ltd. All rights reserved.
Keywords: APB; ERG; Ganglion cells; GABAergic; Frog retina
1. Introduction
It is widely accepted that the visual information is
processed in separate ON and OFF channels of the ret-
ina. The segregation of these channels ﬁrst appears at the
level of the bipolar cells (BC), which possess diﬀerent
types of glutamate receptors: a metabotropic glutamate
receptor in ON BCs and an ionotropic glutamate re-
ceptor in OFF BCs (reviews: Brandstatter, Koulen, &
W€assle, 1998; Kalloniatis & Tomisich, 1999; Miller &
Slaughter, 1986; Thoreson & Witkovsky, 1999; Wu
& Maple, 1998). The metabotropic receptor in the ON
BCs is selectively activated by L-2-amino-4-phospho-
nobutyric acid (L-AP4 or APB) and it is known as L-
AP4 or APB receptor. The L-AP4 receptor localized
both in the rod and cone ON BCs dendritic tips of the
mammalian retina is identiﬁed as a mGluR6 subtype
(Nakajima et al., 1993; Vardi & Morigiwa, 1997; Vardi,
1998). It has been shown that all the types of ON BCs
express a single isoform of mGluR6 (Vardi, Duvoisin,
Wu, & Sterling, 2000). The L-AP4 receptor in the retinal
ON BCs acts through the G(o) alpha subunit of a G-
protein (Nawy, 1999) to close cation channels, which
causes a sign-inversion at the level of the synapse from
photoreceptors to ON BCs (Euler, Schneider, & W€assle,
1996; Nawy, 2000; Shiells, Falk, & Naghshineh, 1981;
Shiells & Falk, 1990; Slaughter & Miller, 1981). Thus, L-
AP4 receptors are responsible for the ON responses in
the visual pathway. However, the application of APB to
the retina not only hyperpolarizes ON BCs and thus
eliminates their light responses, but also has subtle eﬀects
on the OFF pathway as well. APB slightly increases the
response amplitude of some OFF BCs (Arkin & Miller,
1987; Slaughter, 1986) and the ERG d-wave (Arnarsson
& Eysteinsson, 1997; Jardon, Yucel, & Bonaventure,
1989; Kasuga, 2001; Popova, Kupenova, Vitanova, &
Mitova, 1995; Sieving, Murayama, & Naarendorp, 1994;
Vitanova, Kupenova, Popova, Mitova, & Belcheva,
1993a,b) and it modiﬁes the activity of OFF ganglion
cells (GCs). It has been shown that APB increases the
background discharge of OFF GCs without altering
their light responses (Bolz, W€assle, & Their, 1984; Cohen
& Miller, 1994) or it even suppresses them (Chen &
Linsenmeier, 1989; DeMarco, Bilotta, & Powers, 1991;
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DeMarco & Powers, 1994; Jensen, 1991; Jin & Brunken,
1996; Muller, W€assle, & Voigt, 1988). On the other hand,
a signiﬁcant potentiation of the GCs OFF responses has
been well documented in many species (Arkin & Miller,
1987; Cohen, 1998; Granda, Dearworth, & Subraman-
iam, 1999; Jardon et al., 1989; Kittila & Massey, 1995;
Massey, Redburn, & Crawford, 1983; Vitanova et al.,
1993a,b; W€assle, Schafer-Trenkler, & Voigt, 1986). The
mechanisms underlying APB eﬀects on retinal OFF re-
sponses are still unclear. W€assle et al. (1986) have dem-
onstrated that the potentiating eﬀect of APB upon cat
OFF GCs is fully suppressed during a glycinergic
blockade. The authors suggested that the enhancement
of cat OFF GCs activity by APB is due to their disin-
hibition from the suppressive glycinergic input coming
from the ON BCs directly or via glycinergic amacrine
cells (Muller et al., 1988; W€assle et al., 1986). However,
in our earlier study we have clearly shown that the pot-
entiating eﬀect of APB upon GCs OFF responses is in-
hibited during a glycinergic blockade only in a part of the
ON–OFF and phasic OFF GCs of the frog retina
(Popova, Mitova, Vitanova, & Kupenova, 2000). It has
been suggested that in the rest of the GCs some other
inhibitory transmitter, probably GABA, mediates the
suppressive input from the ON upon the OFF channel.
No available data exist concerning the participation of
the GABAergic system in such type of inhibition.
The aim of this study was to investigate the eﬀect of
picrotoxin blockade of GABAA and GABAC receptors
upon APB action on the frog GCs OFF responses and
to compare it with picrotoxin eﬀect upon APB action on
the ERG d-wave. In an earlier paper, our results have
shown (Popova et al., 1995) that picrotoxin does not
abolish the potentiating eﬀect of APB on the d-wave
amplitude in frog retina.
2. Materials and methods
The experiments were carried out on frog ﬂat eyecup
preparations (Rana ridibunda) superfused with Ringer
solution at a rate of 1.5 mlmin1, temperature 16–20 C
and a continuous supply of moistened oxygen (for de-
tails see Popova, Mitova, Vitanova, & Kupenova, 1997).
Diﬀuse white light stimuli (tungsten halogen lamp) were
presented to the dark adapted eyecups. Their parameters
were as follows: 5 s duration, 25 s interstimulus interval
and intensity equal to 1:7 104 quanta s1 lm2. As it
has already been shown (Arkin & Miller, 1988), the ef-
fect of APB on the light responses of OFF GCs does not
depend on the size of the light stimulus. The application
of diﬀuse stimulation allowed us to record simulta-
neously ERG and GCs activity and to compare the
eﬀects of picrotoxin and APB on these two retinal re-
sponses, which have diﬀerent cellular origin.
Extracellular recordings from GCs were performed by
means of tungsten microelectrodes with varnish (lacquer)
isolation. The size of the microelectrode tip was about 2–
5 lm. WPI DAM 5A preampliﬁer and a two channel
oscilloscope Textronix 5103 N (band widths 0.1–300 Hz
and 100–10-000 Hz for ERG and impulse activity re-
spectively) were used for the simultaneous recording of
ERG and single GCs activity. The amplitude of the
ERG waves was measured from peak to peak. The re-
sponses of GCs to 10 stimulus presentations were aver-
aged using a suitable computer program as poststimulus
time histograms (PSTH) with a bin width of 10 ms. The
average number of impulses in the response and the peak
discharge frequency were estimated for each PSTH. The
phasic (early) component of the GCs light response was
assessed according to the number of impulses during the
ﬁrst 50 ms of the discharge, whereas the tonic compo-
nent––according to the number of impulses during the
period between 100 and 400 ms following the discharge
onset. These parameters are similar to those used by
other authors for assessing the respective components of
GCs responses (Bolz et al., 1984). The peak frequency of
the responses in control conditions ranged between 60
and 300 impulses s1, which is in full agreement with the
results of other authors working on frog retina (Matur-
ana, Lettvin, McCulloch, & Pitts, 1960; Morrison, 1975).
Our results are based on 73 GCs recorded success-
fully, which were classiﬁed as ON–OFF (n ¼ 45), tonic
OFF (n ¼ 14), phasic OFF (n ¼ 12), tonic ON (n ¼ 1)
and phasic ON (n ¼ 1). In each eyecup the activity of
only one ganglion cell was recorded. The experiments
were divided in two main groups: control experiments
(n ¼ 24), where 200 lM APB (Sigma) were applied only
and test experiments (n ¼ 49), where ﬁrst 50 lM picro-
toxin (PT - Fluka) were applied, followed by an appli-
cation of 50 lMPT plus 200 lMAPB. In some of the test
experiments (n ¼ 22) the eﬀect of 200 lMAPB alone was
additionally tested. The perfusion with APB preceded
(11 experiments) or followed (11 experiments) the treat-
ment with PT and PT+APB. APB and PT concentra-
tions were chosen on the basis of our previous studies,
which have evidenced their maximal eﬀect on the b- and
d-wave amplitude of the frog ERG (Popova et al., 1995;
Vitanova et al., 2001). The concentration of PT was
similar to that used by other authors for a selective
blockade of GABA-gated Cl channels in the amphibian
retina (Belgum, Dvorak, & McReynolds, 1984).
3. Results
3.1. Control experiments
All GCs (13 ON–OFF, three phasic OFF and eight
tonic OFF cells) showed relatively stable discharges
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during the initial control period, when they were per-
fused with Ringer solution. Perfusion with 200 lM APB
abolished the ON responses of ON–OFF GCs and sig-
niﬁcantly potentiated the OFF responses of all ON–
OFF and phasic OFF GCs (Fig. 1a). The average
number of impulses (215 22:28%), the peak frequency
(196 20:24%) and the number of impulses during the
early (phasic) component (218 15:29%) of the OFF
discharges increased considerably in comparison to their
values during the control period. APB abolished the b-
wave and markedly potentiated the d-wave in the si-
multaneously recorded ERG (Fig. 1c). The potentiation
of the d-wave amplitude (235 19:48%) was entirely
identical to that (232 33:5%) obtained in our previous
experiments, when vitreous ERG was recorded under
the same conditions of light stimulation in frog retina
(Popova et al., 1995). The eﬀects of APB were fully re-
versible (Fig. 1a and c).
No signiﬁcant eﬀect of APB on the OFF responses
was observed in the eight tonic OFF GCs included in
this group (Fig. 1b). During the APB perfusion the av-
erage number of impulses (95 5:77%), the peak fre-
quency (103 8:32) and the number of impulses in the
phasic (100 8:7%) and tonic (83 12:93%) component
of the responses remained close to their initial values. In
contrast to the missing APB eﬀect on the GCs re-
sponses, an abolishment of the b-wave and a potentia-
tion of the d-wave amplitude (to 217 22:95%) were
observed in the simultaneously recorded ERG (Fig. 1d).
3.2. Test experiments
3.2.1. Eﬀects of PT and APB on ON–OFF and phasic
OFF GCs
PT had various eﬀects on the OFF discharges of the
ON–OFF GCs (n ¼ 32) and the phasic OFF GCs
(n ¼ 9). Three types of alterations were observed: (1)
potentiation of the OFF responses (n ¼ 24); (2) inhibi-
tion of the OFF responses (n ¼ 14); and (3) no change in
the OFF responses (n ¼ 3).
(1) PT caused a signiﬁcant potentiation of the OFF
responses in 24 (22 ON–OFF and two phasic OFF) GCs
(Fig. 2a). Adding 200 lM APB to the perfusate abol-
ished the ON discharges in all ON–OFF cells, while it
exerted diverse eﬀects on GCs OFF responses: in 18
GCs the OFF responses were not altered by APB,
Fig. 1. Eﬀect of APB on the light responses of one ON–OFF GC (a) and one tonic OFF GC (b) from the control experiments––PSTHs (n ¼ 10; bin
width 10 ms). The GCs responses were recorded during the control period (upper row: R), during the APB perfusion (middle row) and during the
recovery period (lower row: R). Calibration bars: horizontal––0.2 s; vertical––1 impulse. (c and d) Eﬀect of APB on ERG b- and d-wave from the
same experiments, recorded in the time periods, corresponding to that of PSTHs. Calibration: 0.2 s, 250 lV (c); 0.2 s, 500 lV (d).
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though in the remaining six GCs the OFF responses
were potentiated furthermore. In the latter cells APB
signiﬁcantly increased the average number of impulses
(P < 0:002 paired t-test), the peak frequency (P < 0:019
paired t-test) as well as the number of impulses in the
early component (P < 0:006 paired t-test) of the OFF
responses as compared to their values during the per-
fusion with PT alone (Fig. 2a (A)). The further increase
in the average number of impulses (202 19:96%) and
in the peak frequency (195 28:80%) above their max-
imal value during the preceding PT perfusion was
practically identical to the recorded rise of these pa-
rameters in the control experiments. The potentiating
eﬀect of the perfusion with APB alone was identical to
the eﬀect during the PT+APB perfusion (Fig. 3a). This
ﬁnding conﬁrmed the independence of APB action on
GABAergic blockade. However, in the majority of GCs
(n ¼ 18) the potentiating eﬀect of APB did not manifest
during GABAergic blockade (Fig. 2a (B)). A saturation
of GCs OFF responses during the preceding PT per-
fusion might be the cause for this ﬁnding. We increased
the test stimulus intensity (by 1 log unit) during the
PT+APB perfusion to evaluate such a possibility. The
GCs OFF responses became larger in case a brighter
stimulus was presented, which indicated that the re-
sponses were not saturated (Fig. 3b: second row from
the bottom right). A distinct cause for the absence of an
APB eﬀect on the OFF responses in these GCs might be
lack of sensitivity to APB. We tested this possibility by
applying APB alone prior to or following PT+APB
perfusion. In all these cases (n ¼ 9) APB had a well
pronounced potentiating eﬀect on the OFF responses
(Fig. 3b). The increase in the average number of im-
pulses (210 24:14%), the peak frequency (175
22:93%) as well as the number of impulses in the early
component (200 17:95%) of the OFF discharges was
similar to the corresponding change in the control ex-
periments. This ﬁnding clearly showed that the referred
GCs possessed similar sensitivity to APB as the cells in
the control group. A marked tendency for recovery in
the GCs ON and OFF responses was observed during
the subsequent recovery period (Figs. 2a and 3).
(2) PT had an inhibitory action on the OFF responses
in 14 (seven ON–OFF and seven phasic OFF) GCs (Fig.
2b). Adding APB caused a signiﬁcant potentiation of the
OFF responses in eight GCs (P < 0:001 paired t-test for
Fig. 2. Changes of the OFF responses in ON–OFF and phasic OFF GCs during the perfusion with picrotoxin (PT), PT+APB and Ringer solution
during the recovery period (R). Changes of the average number of impulses (N ), peak frequency (F ) and number of impulses in the ﬁrst 50 ms (N50) of
the OFF responses are expressed as % from their initial values. Values are means  SEM. (a) GCs with potentiated by PT OFF responses, (b) GCs
with inhibited by PT OFF responses, (c) GCs with unaltered by PT OFF responses. (A) Cells with preserved APB action on their OFF responses
during GABAergic blockade and (B) cells with abolished APB action on their OFF responses during GABAergic blockade.
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the average number of impulses; P < 0:001 paired t-test
for the peak frequency; and P < 0:001 for the number of
impulses in the ﬁrst 50 ms). The relative increase in the
average number of impulses (238 28:98%) and the
peak frequency (192 24:40%) as compared to their
values observed during the preceding PT perfusion was
similar to that in the control group (Fig. 2b (A)).
However, that sort of potentiating eﬀect of APB was not
observed in the remaining six GCs (Fig. 2b (B)). In order
to demonstrate that all GCs were APB sensitive, we
applied APB alone prior to (Fig. 4b) or following (Fig.
4a) PT+APB perfusion. In all these cases APB mark-
edly potentiated the GCs OFF responses. This poten-
tiation was similar both for GCs with a preserved APB
eﬀect during GABAergic blockade (182 8:09% for the
average number of impulses; 162 17:35% for the peak
frequency and 207 32:08% for the number of impulses
during the ﬁrst 50 ms) and for GCs with an abolished
APB action during GABAergic blockade (203 53:26%
for the average number of impulses; 177 45:11% for
the peak frequency and 241 48:14% for the number of
impulses during the ﬁrst 50 ms).
(3) PT did not change the OFF responses in 3 ON–
OFF GCs, but it signiﬁcantly potentiated their ON
responses (Fig. 4c). Adding APB to the perfusate abol-
ished the ON discharges and signiﬁcantly potentiated
the OFF discharges of these ON–OFF GCs (Fig. 2c).
The parameters of the OFF responses (average number
of impulses, peak frequency and number of impulses
during the ﬁrst 50 ms) were increased to just the same
extent as in the control group.
3.2.2. Eﬀects of PT and APB on tonic OFF GCs
In accordance with PT eﬀect on the OFF responses,
the tonic OFF GCs could be divided in two groups: ﬁrst
group (n ¼ 4) characterized by a markedly diminished
tonic component in the discharges (Fig. 5a and b) and
second group (n ¼ 2) typical for its large potentiation of
all the components in the OFF responses (Fig. 5c). No
signiﬁcant potentiation of the OFF responses was ob-
served during the subsequent perfusion with PT+APB
in all tonic OFF GCs included in both groups (Fig. 5).
This ﬁnding conﬁrmed our observation from the control
Fig. 3. PSTHs from two ON–OFF GCs with potentiated by PT OFF responses. The cells were treated with the following substances (from top to
bottom): (1) Ringer solution (R); (2) APB; (3) Ringer solution (R); (4) Picrotoxin (PT); (5) PT+APB; (6) Ringer solution (R). It is clearly seen that
PT+APB perfusion additionally potentiated the OFF response in one of the cells (a), but did not potentiate the OFF response of the other cell (b),
although the response was not saturated. The latter is evident from the PSTH (right), recorded with higher stimulus intensity. Calibration bars:
horizontal––0.2 s; vertical––1 impulse.
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experiments for a lack of sensitivity to APB in the tonic
OFF GCs.
3.2.3. Eﬀects of PT and APB on ON GCs
Two ON GCs (one tonic and one phasic) were suc-
cessfully recorded in this study. In the tonic ON gan-
glion cell PT perfusion produced the appearance of an
OFF response, which was greatly potentiatied during
the subsequent PT+APB perfusion (Fig. 6a). The ap-
plication of APB alone following the recovery of GCs
discharges abolished the ON response and caused the
appearance of a well pronounced OFF response, which
resembled the response during PT+APB perfusion.
This ﬁnding indicated that APB eﬀect was not altered by
GABAergic blockade. In the phasic ON GC, PT per-
fusion diminished the peak frequency and increased the
duration of the light response, but the cell preserved its
ON type (Fig. 6b). PT+APB perfusion abolished the
ON response and caused an appearance of a well ex-
pressed OFF response. The identical eﬀect was observed
when the eyecup was perfused with APB alone, which
indicated that APB eﬀect in this cell did not depend on
GABAergic transmission.
3.2.4. Eﬀects of PT and APB on ERG
In contrast to the diverse eﬀects of GABAergic
blockade on the light responses of the retinal GCs, PT
had an identical potentiating eﬀect on the ERG b- and d-
wave. The amplitude of the b-wave increased to 221
15:60%, while the amplitude of the d-wave––to 302
24:95% as compared to the initial values. PT+APB
perfusion abolished the b-wave and additionally poten-
tiated the d-wave in all experiments (Fig. 4d). We com-
pared the additional increase of d-wave amplitude from
experiments with preserved APB eﬀect on the GCs OFF
responses during GABAergic blockade (206 17:70%)
with the corresponding change (204 10:03%) from ex-
periments with lacking APB eﬀect on the GCs OFF re-
sponses during GABAergic blockade. No signiﬁcant
diﬀerence between them was observed. Besides, their
values were comparable to the increase of the d-wave
amplitude in the control experiments. This ﬁnding
showed that APB action on the ERG d-wave was not
altered during GABAergic blockade at all. PT and APB
eﬀects on ERG were completely reversible.
4. Discussion
Our ﬁndings indicate that the GABAergic system
(acting though GABAA and GABAC receptors) is in-
volved in the APB potentiating action on the OFF re-
sponses in certain ON–OFF and phasic OFF GCs. This
is true for most of the cells (18 out of 24 GCs), in which
Fig. 4. PSTHs from two ON–OFFGCs with inhibited OFF responses (a and b) and one ON–OFF GC with unaltered OFF response (c) as a result of
PT application. It is evident that the PT+APB perfusion potentiated the OFF response in two of the cells (a and c), but did not potentiate the OFF
response of the third cell (b). Calibration bars: horizontal––0.2 s; vertical––one impulse. (d) ERG recordings during the experiment shown in (c),
recorded during the corresponding to the PSTHs time periods. Calibration: 0.1 s, 500 lV.
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PT potentiated the OFF responses as well as for nearly
half of the cells (6 out of 14), in which PT inhibited the
OFF responses. In all these cells (24 out of 41) the
potentiating action of APB was completely abolished
during GABAergic blockade. The latter phenomenon is
probably due to a PT-induced blockade of the inhibitory
GABAergic input from the ON channel and directed to
the OFF channel. According to the ‘‘push–pull’’ hy-
pothesis postulated by McGuire, Stevens, and Sterling
(1984, 1986) the OFF GCs might get excitatory input
from OFF BCs and inhibitory input from ON BCs. The
ON BCs might inhibit the OFF GCs directly (by re-
leasing inhibitory neurotrasmitter) or indirectly through
inhibitory ACs. According to this hypothesis blockade
of ON BCs responses by APB would stop their excit-
atory input and would abolish the ON responses of ON
and ON–OFF GCs. Blockade of ON BCs activity
would also abolish their inhibitory inﬂuence on the OFF
GCs and their light responses (as well as OFF responses
of ON–OFF GCs) would increase. So far, this agrees
with our results. If the ON channel is really inhibiting
OFF channel using GABA as transmitter acting on
GABAA and GABAC receptors, picrotoxin should be
able to block this pathway, and the modulation of ON
BCs by APB would no longer aﬀect the OFF responses.
This has been shown in Section 3 for some of the ON–
OFF and phasic OFF GCs. The GABAergic inhibition
in these cells might be exerted directly by GABAergic
ON BCs and indirectly by GABAergic ACs, connected
to ON BCs. Both types of GABAergic cells (BCs and
ACs) have been found in amphibian retina (for review:
Gabriel, Rabl, & Veisenberger, 2000; Vigh, Banvolgy, &
Wilhelm, 2000; Yazulla, 1986).
The APB potentiating action on the OFF responses
in the rest of the ON–OFF and phasic OFF GCs (17 out
of 41) was preserved during GABAergic blockade. This
indicates that GABAergic transmission is not essential
for the APB action in these cells. It might be supposed
that the APB potentiating eﬀect on the OFF responses
of these GCs is due to enhanced light responses of the
OFF BCs, which feed these GCs (Arkin & Miller, 1987)
and/or to a disinhibition of GCs from the inhibitory
nonGABAergic input from the ON pathway. In our
previous work we have clearly shown that the glyciner-
gic system transmits the inhibitory inﬂuences from the
ON to the OFF channel in some ON–OFF and phasic
OFF GCs in frog retina (Popova et al., 2000). Our
present data cannot clarify the question if the glycinergic
system alone transmits the inhibition from the ON to
the OFF channel in GCs showing PT-insensitive action
of APB on their OFF responses or additional mecha-
nism(s) is/are involved as well.
No signiﬁcant eﬀect of APB upon the light responses
of tonic OFF GCs could be shown in our present study.
These results are in full agreement with our earlier data
(Popova et al., 2000) and with the results of Arkin and
Miller (1988), who have demonstrated that all sustained
OFF GCs recorded extracellulary were unaﬀected by
APB. We might suggest that the frog tonic OFF GCs do
not receive an inhibitory input from the ON channel.
Our present results showed that APB potentiated the
amplitude of the ERG d-wave. Moreover, this potenti-
ating eﬀect was preserved during GABAergic blockade.
These data coincide with our earlier results demon-
strating that GABAergic and glycinergic transmission is
not essential for the potentiating eﬀect of APB on the
Fig. 5. (a) Changes in the light responses of tonic OFF GCs (included in the ﬁrst group) during perfusion with PT, PT+APB and Ringer solution
during the recovery period (R). Changes of the average number of impulses (N ), peak frequency (F ), number of impulses in the phasic (N50) and tonic
(N100–400) component of the OFF responses are expressed as a % from their initial values. Values are means  SEM. PT produced a great diminution
of the tonic component of the discharges in these GCs (n ¼ 4). (b) PSTHs from one tonic OFF GC with a diminished by PT tonic component of the
discharges. (c) PSTHs from one tonic OFF GC with potentiated light response under the inﬂuence of PT. Perfusion with PT+APB did not potentiate
the OFF responses in both GCs (b and c). Calibration bars: horizontal––0.2 s; vertical––1 impulse.
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d-wave amplitude of the frog vitreous ERG recorded
under various conditions of light stimulation (Popova
et al., 1995). The ERG d-wave in amphibians reﬂects
mainly the activity of OFF-BCs (Dick, Miller, & Dauc-
heux, 1979;Xu&Karwoski, 1995; Yanagida,Koshimizu,
Kawasaki, & Yonemura, 1986), although the activity of
the third order neurons can also contribute to it (Awatr-
amani,Wang, & Slaughter, 2001). Thus it appears that an
inhibitory GABAergic input from the ON upon the OFF
channel exists in frog retinal GCs, although not in all the
cells, whose activity is manifested in ERG.
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